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MISSILE & SPACE SYSTERS DIVISION
DOUGLAS ATRCRAF T CO.INC

ENGINEERING LABORATORIES & SERVICES
TECHNICAL MEMORANDUM ‘

CATAVLEOL NOL ..,._..f:DL .587.2{:)“ S ——
H. T. Sorensen, A=290 RipoRT o, TMDSVUB-ENV-R5130-1
T. J. Serenn, A-270; ext. 2L61 DATE bl

: R. M. Gunn, A3-8GO

LH,, CHILLDOWN FLOWMETER VIBRATION wrguesiep gy R Mo Ounty AITEO
ANG SHOCK TESTS ‘ : Y 27394 s !ngégw
R. M. Gunn, A3-860; W. L. Woodcock, )
A3-360; C. Hansan, A3-KCDA; Movcpras s e o, W38 bike

N. Mincks, A3-KABC; H. B. Mitchell,
A3-VCL; J, "llman, A3-hADO; P. Sellers, Ac- i1sornes __ 9769-650% -
CE3C . o0 Wi lson A3-KEDO NAGA

CLASSIFICA tion  _ _UNCLASSIFIED
UR RESTRICTION:

JHIRCOUCTION

Stnusoldal swoeps, random vibration, and shock tests were conducted at low temper=
atures for quallflication testing of & partial section of the llquid hydrogen chiile
down system. The test specimen included the following test plan items (TPI);
chi|ldown system shutoft valve (TPI F=ib), LH, chilldown flowmeter (TP! w-438), and
recirculation duct assembly (TPI F~8). Testing of TPl wW=h3B s covered in this

technical memorandum; testing of TP Fib and F8 is covered in separate technical
monoranda.

The tests wore conducted by United Aerotest Laboratories Corporation, at the remoﬁ
test fgcl lity, Jack Rabbit Treil, Beaumont, California, from July 2 through July
23, 1965, : '

PURPOSE

The purpose of the tests was to determine the ability of the fest gspeclman to with=
stand vibration, shock and low temperature environments. ,\’\ 141576’77 !

The purposes of this technical memorandum are to describe ang ocums t the
bration and shock portions of the test and to transmit the \khratio gn@7@hock’:3
data obtoined from the tests. RECEIVED R
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T \ DOUGLAS AIRCRAF T CO, IHE. “1 % QUAL! f']C/\TlON [ﬂ DE/Q TES3T
) \ MISSILE @ 3PACE SY3TEMS DIVISION o p oapepa -
el ’ SANTA MOMICA, CALIFORMIA STLTEMENT [w ] FORMAL QUAL
: TEST PLAN LINE
WOGRAM  amur s-1ve | MOPEL  psv-nm ITEM NUMBER Ww-h3B
: ) PART NO. .
1€ST PLAN LINE . _
TEM TITLE LHp CHILLDOWN FLOWMETER . 1A8910L4-503,
1ECHNICAL MEMORANDUM DSV4B-PL-R5180 .
$JMBER(S) DSVLB-ENV-R5180-1

sFEREMCE TECHMNICAL )
yiM0. NUMBE R(3) NONE

IMLURE AMND RCJECTION REPORT (FARR) TAG
£IBER(S) AND DISPOSITION

{UST CONTINUATION MHPTT A9 NECRAIANY)

{5GINEERING RESOLUTIONS . "y
280 CONCLUSIONS

i. That nominal out—of—tolerance pressure drop measurements during LHp *
calibration, are acceptable in view of the total drop and pump-to-
. pump variations in the pressure developed.

8. That variations in flow measurements between facility flowmeter /

and UUT, obtained during vibration and shock tests, are not sufficient
cause for failure, retest, or redesign in view of service conditions.

(USE CONTINUATION SHEET AS NECESSARY)

SERTMLNT OF
GHALIFICATION

kased on the results of desién qualification tests presented in the attached

report, it is the conclusion of the Douglas Aircraft Company, Inc., tha.t the
ebove item is qualified for use on Saturn S-IVB.
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T™M-DSVLB-ENY~RS5180~1
Page 2 of 3

EQUIPMENT
ast I men

The test specimen ls described on page A8.

Test Equipment
The test equipment used Is described on pages Al6 through AS!.

Accelerometer locations are shown on page A23. All accelerometers were orlented
in the direction of excitation except accelerometer 6, which was orientsd In the
radial direction during thrust axis excitation and was oriented in the thrust
direction during tangential and radial axes excitation.

EROCEDURE

Testing was performed at United Aerotest Laboratories, Beaumont, Callfornia, per
the procedures described on the following pages:

Vibration and Shock Test Sequence « « « « « « + » Page A8
Pre=Yibration Operational Test . « « . « + + » « Pages A9 through Al2
Vibration Test . o o 6 ¢« « o o s « & & & o & & » PBQGS A20 fhrough A22

Shock TeST & ¢ o o o o o« s s o o s s s o s s o « Pages A2 through A43

Data recorded during the tests were reduced by the Analytical Services Section,
group AGC!, at Douglas Alrcrafit Company, Santa Monica, California.

BESULTS AND DJ SCUSSION
Test results are presented as follows:

I+ Attachment A contains United Aerctest Laboratories Test Report No. L0965-T-1,
dated August 1965, and includes the following:

| CONTENTS PAGE NO.
Front Matter and Administrative Data Al through A5
References, Requirements, and Goneral Test Notes A6 +hrough A8
Pre-Vibration Operational Tests A9 through Al2
Operational Test Diagramg and Graphs Al3 +through Al9
Vibration Tests A20 fthrough A22

Accelerometer Loca+l6ns, Test Data and X-Y Plots A23 +through A30



RESULTS AND DISCUSSION (continued)
CONTENTS
Vibratlion Test Photographs
Shock Tests
Shock Pulses
Test Equipment List
Signature Page and Proprietary Note

TM-DSVLB-ENY =R 180~1
Page 3 of 3

PAGE. NQ.
A3l through Al
Ab2 through Al3
All through AbS
ALG through A5
A52 through A53

2. Attachment B contalns the vibration test data which were reduced by group.

AGCI, and Includes the following:

IEST . AXIS

PAGE NO.
Sinusoidal Thrust Bl through 822
Sinusoldal Tangential B23 through BA42
Sinusoidal Radial 843 through B65
Random Thrust B66 through BT5
Random Tangential B76 through B85
Random Radial B86 through B95

Sinusoidal data consists of plots of acceleration versus frequency and plots of
amp 1l fication factor versus frequency; random data consists of plots of power

spectral density versus frequency.

ORIGINATOR_ Wc/ hﬁg QMM/Q

ATTACHMENTS
Pages Al through A53

Pages B! through B9S |

T. Ji pereno, Section Chief
Acousfics and Dynamics
Environmental Laboratories



¥ o
, B . é‘\"i&j&'g . . .. .
o Bty Wish e b
P , Xﬂfié A E
{20 1YY ARERITEEY LABOSNOMNES : ‘ _, ¥
, A
' . o
i ‘ ¢ Test Report No. AU265-1-1
1 . . ,
‘ , ’ s -
' LR ’ Y '
N e ’G;' -.{ R b
I o ¢
SRR SP RS R R : '
¢ ' SRR k S g
: ¥ - ' vt 4 ! 3 ) + )
. y r L T e . o . °“4' . ".':\, st 3‘ .
e At 7\¢ ""’", : : S ‘A\ ’ [ "'1 B et o . . . 5 "'I:V; ¢
oY s TRSY ‘REPORT T B -
. - . N . ) . N . P k3 i
f ¢ o L ) . 3 o s ;ﬁ ' .
; .,\;..vrpaérxum AND SHOCK TESTS R : ol
; : T conduce ted on' [ Ty . L
v . . ':( ' (3 ~".;“ . . ,‘.,“.vﬂ"
o }?Af{f.!ﬁl )F(TION ()F‘ ]Hz (,HI”DOWN SYSTEM - . R B

e oo o ’

S INCLUDTRG -, S S
7, TURBINE FLOWMETER P/W. 1Aauxoa.,n3 SRR R

C LT SHUT-OFE VALYE B/N TR&995-50% . e ST L
‘vkrf;uc01hwron DU(I ASSEMBLY  P/N-1h4y96b-501 ' o R ‘

P o t'@ 5: L"\' . ' i .
e DU”CTAS'AIk(ﬂArr COMPANY .~ < .ggw .

e SPPL[&!LATION NUMBER 110wr3/WRIV1hxqu B :

L . . ,,gi i },'. - . . O
P T T e f,'f*“f\';"'“ ‘v'; RS .
! "'uchLAg Ainrkhﬁr &ON"AN? TNLondﬁa1&D‘* SAEh S S
BRI bAVTA HON%(A) ﬁALIPURNkA ui: ;ﬁ .%“‘;'." - .
N an S O
,”.;‘”’:ngyi bN(h.“ PO’ f & ﬂ 030415 )IOEF bmt 909 SRR R
¥ ,«
| *; ?§“» 573 MOWTEREY PASS RQADﬁ,,fj ¥x~;‘~' | L
. ““*MONT RhY PAR& 6AL1§0RN1A O o
L f - ): : ¢ * y
. STy L (i‘;a o ‘.?'::. N
© AUGUST  1y63 Gl
) , ! Y B . b By
N b 5 R T N ST
i . N i Lt
w1y .
\ | .
P L +
T . - PR “; D i * .




PRI &

¥ ' 4 ‘; K L ! [ .
| gl RS 180+ 3
. ¢ N E B4 ; e .
;D 3% %?ﬁ}(" A 2,
* t
[prais ¢ 1) AFAOTRS Y LAFORRYONES . ;
e et PR . Test Report No. 40965.T-1
'TAI*L&; OF (,ONTI:'N’IS M -
: o S Cige
e Y ¢ ¢ '.
Admmistmtlve’ Dma _ iv
1.0  Spec l{ication Rbferencm cmd Roquiremenr I
0 P«nutaL Nore«, e ) e . f&ﬁ \ 2 :
4 N
1,0 gi ‘um'u'm ol “csts y o N . A .
3. ve- Hbuf Len Q,mr uawa’ Teste N i
oo : o R v,
Fipure No. I @ ’ Ifqvid HV tuncy Flow: Lnbp : - L Lo 8
Figior, No, 2 Ingtzumfntatium Durinh rnvirdﬁmeanl fééts g
nraps No.o L Output Wavo ore’ hrom ?inw‘l:and v 10
" Graphs No, 2 and 3; Oatput Ug»étozma.vutlng Rldidt Axls Vibration 1
“ Graphs Ro, 4 and 5 Outpui Machgrmq Durxnp Thru%t %xxs Vibratrion 1?
fraphs No, & and, 2 Output Wavctormq Uurihg *angeutmak ‘dxis Vibration 1% .
. . LY "
Craphs Noov 8 oand 90 ﬁutﬁur WJVLfQYNQ Durinv uihrxtion Ro Runq 14 ate
’ e Ly DAL ; T
10 VihfaLiﬁn ,g R \ g,"ﬁ,'A L 15 e
Fiyure Nof‘lf' IIX\ tvﬂtxng Lntatans Af hctelerﬂmeferx o ;
o i~ Durxny Eibrattoﬁ S SO _"::v’wg " 13
L B o 4 ' "
v Lable No.zl_' N "Dita’ and Observatﬁons Rccorded Durin& VLbr;txan SR
’ i > ;’ "'lylﬂnd gh”t‘k Ie"ts ‘;v“&;MA‘l “ b . . . "9 ;,:‘e
LI e v . % ) N Y
Graph NO. 10 \SX? Plﬁt«&éﬁeratcd nuring RandomAV\bfatxbn R
-  Along - 1htuat Axig. o o000 W h'_g"f 21 \
Graph No. 11 o RYePlot Cvnetafed‘nutiﬁy R4ndom Vibration:‘f' ! poL e
_ Ty A\ohg Tanential Kklﬂ‘f R A ‘” I
Graph Woo 12 0¢7 ] ‘-VXY rlat Ct*ner*:ted Dlﬁl’l‘ng, !’«‘aﬁdvm X‘lbmtmnf"“ f.' Y .
ol "JfﬁfAlunb {adlnl A%ts»,\; (o . L 25
Geaph Neo 13 XY-Phot (‘env nted Dm‘m" Rnndom \,i‘btégmnir. »
IR Alnug [hrusL Anid - Re- TPH( > S 2
) ey Ty T I
© fyaph No,lae 7T CRY- Vtot Cenerntpd Durinp Randnm beratioﬂ s
‘ o TR 'Along 'IAth"htinl Axty - Red ’réch T e 40
l’hot«.r;;mpﬁ No. 1 ey Hjsambmg Tt*sv Sys"em m,,xh becimen Mounted .
‘ e for Vlbrttibn Along Thrust AxiY,. v T 20
thfugrapb Nox 2 Detatl o['Teﬁt Fixthre and opbcimcn Durbng ‘
T V:bratiun Aloﬁg Thrust Ax{s C o - ) 27
N l: , . + - v R . o n
. . o i R DO
“‘ . ',_. * [N ‘:‘«« s



. '-"1,‘:\&:1«,5#. -
sk PO .

5 Bty @ ;@, .
;mm A3
LNITIT AGSIOTER T LABORATOSES 'l .
i
. Test Report No) 40965 T+
. L | Table of Contents .
. ‘ {cont Lnued)
: S L page,
'Phorograpﬁ No. 3 . Speeimen and Associated Equ{pment During ifﬁ}
3 ‘ ' Vibration Aloug Thrush Axis : s 28 et
. Photograph No,-4 ' Test Fixtdre and Qpecimﬁn Mounted for ‘, .
* Vibration Along Thruse Axis ' 29 ;
! < f # ‘
Photograph No. 5 . ‘Jllustrating Arii[udt of Specimen and thturr S
' Durlng Vihretion Albng Radfal Axic ‘ RIv} -
Photograph Ne. b, JDetail »f Mruntieg of bvaLmen aﬂd Fixture for
- Vibratxhn Along; Radta)’Ax; . E 31
Thatopraph Rao, 7 . Illuatxatxng Imcattonq nt Accﬂlefnmﬂtets Durinb X
S ' e “Vibration Along Radial Axis » ' : 32 y
Photopraph Noo 8. - Details of . Ac<(léromvtev Muuﬂrxng Durihg ViDVatxon R
« Alung Rad&n! Axis ‘ . o o R
. oE
.. Photopraph No. - 9 Illuntfarinq ALrttude u& kpvbimaﬁ in Tixture L
; Carcing Vibrn516n Alunb lanyontful ﬁxxs ~ Re-test L
Phptograph Nc.;l 7“mfl]ustrncing Lu‘ﬂtxnnq arid Mountﬁng ok 4crelv:ow&tur« :'i e
' Huxfﬁv mtsxation /\lmx; Hng‘zéhtlal [Nals o Reevest iy I
. ) g o
Photograph Nu.~li {lluatmﬂttng Detailof Mbthod u{ A'dehment ob L ) ot
, t\cwlawmcmra T2 ﬂpm,imcsh x)uting Vi‘bmurm ‘,: 6. ;
3.3 *" Ghock -;ﬁffu " f . ﬂz o ““’1i;tw;‘ g e 37 o
Graphs No. 15, tmd 16 Oscm(«qcopé mes,eﬁtau.mn of -$hock lPulsu BRI R
Ddriﬁg Shock Alohg ‘the Radial Axis T f,» oo " -39 o
Craphs No. L7 and 13 086L1109¢épe Prébehtatiohm of., Shogk Pulsgs . o
e . o ’; Duéing Shock Albog Rudial Axia Ya?) and ;j‘,*ﬂl.j RURTRS
L Tangéﬂtfél Am: (18) & S e e T
4.0 Teét hquipmenb ’ : SR 4l L
Signaturé Puge f;f:;w 0y -
';' ¢ ¢ PR ”k:r' E i%
. L ‘ o
. ‘ . § {‘ L s:.‘.%‘ K ) " ' -
. “.“. \‘.’ . 5 ." V" | , |
" A " ", &‘.‘ '
[T
i .
P




A g:{‘ lg‘) 2 . "‘r"k.;j | .
j # g P}%“ !4‘%‘{}}:‘ 51,

({{ Co ‘ Vi Ay
ry C T . ‘ A .

%

19%

? ? AFROYEST LABORAYORNSS “
. ’ Test Report Ho. 40965-T-]1 ’;
piaet ’ : Y
ADﬂIN!SlRATIVP DATA ‘ . S
PURFOSE OF TEST . The purpuse of thta Test Series way tu subject 4
o ‘ R partial bentlon of ?hl& LHZ thlldnwn Syetem Lo the T4
L M U Vibrdtion and Shock Tests as described in the detail
' ‘ apecificatiun £orwarded to Untted A rntest Lzbaratﬁl
*' orieq by Douglas A :craft Company.
. : ;.4~'
MANUFACTURER ot &‘f! bouglas Atrcrafa Company, Incorporated .
o . 13000 Ocean Park Poulebard . S
oo ;f; Sante Monicw Cilifcrnia o L
o . "a ¥ :, . : i , 3 N - : K .
HANU?APIURnR 5 PART NUMR&R g' Turbine Flowmetgrq.a S DN TABD104-502 Ca
- . s ‘4» Shut :0ff Valve - -~ POPAW IAGYI6S-50T -
. S PRREA Reoirgul1Lion Duct Aseambly P/N 1A49966-301 PR
¢ oty (Y
. RN ‘f'.v,'"' v.v‘ Lol
Z'?a'i\. Duugldv Aircrnmt Company bhmp Ordar Number )769~

6406, 3769-6504, Purchase Order Number ToM OZOQK
WOtk Order Number A- 270 FFrLot OO“

2 5. 0. 5769- -6406, . £wo 27080 Tcu 1T0013 , Rev. B,
dated December by 1964 N o

« .
;?r‘

_3 5769 6406 Ewo 27085,1¢tn 1T00142 Rev,. ﬁ, s
ﬁfﬂa&ed DeoembEr Sw 1964 ‘

N A S
¢

R AN T sy o 5769 650&;, EWO 2379% rcn 1100621, "New?

-

, o ’5dnteq Decetpir 7, 1964
)"_l.’: st “ ‘l! 'r. i ?"' "' s
- E u 8. deerﬁmenc rontract Nq NAS 7-101 :
’

SECURLTY GLASSIPICATION® SR e TQY* %ﬁfi;
COF YTEM TESTED ¢ i

. , N B 3 e,
U : ;,.

.',‘ * T

'?

QUANTlTY OF TTEMS TESTEﬁ; ‘J‘ Une Pattidl Sectibn of LH System, con31stxng of -

4

Cp bt agwloe St COne Turbine ¥10wmetar Soe U PN 1A89104-503
2T 0 Tone: ShuE-0fF Valve © o C . ' P/N 1A49965+503
g ‘,._'”;fdf‘"g}}‘L,*k . One Reclrculatibﬂ Duct ‘Assembly  P/N 1A49966-501
' ‘}z?« : None of thﬁ above items were adentified with Serial
X ':{ : Numbérs "-~xVu' . R :
EEE I S N LT '
: .-J;ﬂ, Unitéd Aerdtest Laboratoriea Corpcracion
\ﬁ”*'ﬁ 573 Moaterey Pash Road - .. . !
R i’ Montérey Park, C&li!otnlax -
T d:( S ;y'.',-';v",v. ' it VU R
A ot gt 4 3 N .
« SRS ) B s f
N b i ’,“:}i‘) -
0 ) :;‘e IR \ " ‘;J" t". ’ v o Y
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IR R Test Report No. 4Q965-1-1 '
O ' v Y Y
= © ADMINISTRATIVE DATA
PR (Luntlnued) ! .
co e Lo , a
TESTS GONDUCTED AT.. ~. - - ‘', United Aerotest Laboratoriés Corporatjon Tom
s o N U Remote Test Facility L
©. ... <., Jack-Rabbit Trall L
.~ %, Beaumont, Califorula &
DISPOSIT[ON oF SPECIMEfo[‘“pF ‘Upon completion of the tests described fiun this

ot owelyv 7t Tast Report, the specimen was forwarded to Dnuplas
S S e o Alderafit Company. in Santa Monics, Calffornia, along
Jw Moy - with the Test Fixture, the Aft Skirt Assembly, and
L ?ﬁ'iv“‘ﬂ the asgociated Mounting Brackets and Piping.

’ P i B ;‘ P”x
NOTICE . R  page 1 {df. 2) of Work Order Number 4-270 -EF-Lot- Obé
o : s .., < 37 identifies the.test epéciman(s). as follaws; ,,,
: RN “‘,“" 1A 49996 -501, Recirculation Duct Assembly .
N ; e A 49965503, Shut-0ff Vilve ‘
: LA R IA 89104»903, (hff!down Flowmeter
4 . . ’ 4 g B .
Lo e i Ali applirable»documents fth'the exception of the |
h T éu’ﬂﬁn;. scatbd Work Order identify the Recirculatior Duct’. .
’ ey R Assembly as 1A 49966501, and this Test Report '%Q
AR ' iy : 1nq)pd s this designaticn, on. the assumption. that .
! , v . the quh Ordrr contéins a tyﬁngraphlcal errors
) ‘ ,14' e‘,: «v’,‘ 4 o .“ _i) -
X R S ‘?'
L %3'5 “ BRI
oAUy o . i
o,y ; R
o \ . .
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AFW#?'P‘ L ASTOFRATORIFS
. Test PReport No. 409957-1
SPECIFICATION REFERENCES AND REQUIREMENTS ’
! In accordince with the aurhnxxry isqupd ta Unltnd Aerotest L@bwthncxsgf
Corporation with ?urchab@ ()rdex Numhe'r 1 & H 0131044, Bork Ovder Numbe
. A-270-EF-Lot 009, and $hop Order Nombér 57696404, 5769-6,06 vibration ..
/ and Fhobk;Téatsjwere QOndUCted P ohe'parﬁigl section of the LHy (Linuld
' Hydrogen) Chi]ldﬂwn System, consiéting-uf* ' s
. Oue Iurbine “lawmrtor, P/N iA&?qu—SOS ‘ n
One Shu*-of € v:;tve 124 mawm» 503
One - RLgLrCulation Duct Aeﬂomblyx%P/N 1Ah9966 501 }" :é"n
Fnrwardod wich rhe above {tegms waﬂ a Test !ixture, DAC No. iTOLO02, and
an Aft Skirt Asgembly, P/ﬁ 1A§8618 l with axsocxated mounrxug brackets: :
and piping;,ibr use duting the 1ﬂs“allatlon of the te%t apeunmen duringi*;
iy ‘ aﬁplied envirohmenxs.»_u~— Y flﬁg'ﬂ )~,g5;"?‘; o . ’~;;;
i S

B 5 B Lot b

FRGT /%6 5
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uv Te 1) ABROTEST LAGORAIISES t
; ) ‘ ' Test Report WNo. 40%65-T-1
2,0 CENERAL_NOTES . ‘
2.1 AMBLENT CONDITIONS o .

&

Unless otherwise stated in the body of this Reports "Awbient Conditiong”

are defined as rdom ambient’ temperature of 78 2118°F, relative humidity .

i of less than 90 porcent and atmospheric‘presaure.of 32.0 + 2.0 inches of '
.\..‘ i - . . ,' i N ) »- o
mercury. o ‘,‘
s . , P . . ‘;“ S
1 2.2 TEST EQUIPMENY — ° & 3,“' o N
'g, All test equipment and apparatus uaed during the performance of tests as
N ;7;i described herein is calibrated at !ntervals s&fficient to assure contxnued :

aCCuracy and repeatabllihy of recorded méasurcments. Calibration recoxds

are maintained in accnrdanca with good engineering Qraéttce and are availeble
to authorized péréonnei for study on request. ff* : ' A

wr 5 ,
et ; ; oy : \M-

All vxbration and Shock Syatpms ate calibrated 1mmedinte1v before each hj}

[ e )‘, P [ > : , . 5

sugcesatve use~ ”; ”E a»gﬁh» \~‘$~a,i\' : y- t“'

* »
"y

. “gl All dalibtAtion atnndatds are traceable to the NaLional ‘Bureau of Srandazds;
and Lertiftcatrhha &re retatned on . file far study‘by auchorLZed personnel, '

5

L on !‘Equeﬂt i ) "‘; ) ."_a »5‘ é'/ ',,” . ‘..‘ ,’,:- . .0'.‘ E con

‘2.3 TOLERANCES on rasr comnxrrous AND INSIRUMENTATION

4

L Durlng the testa as described in thts Report, toleranCQs on test condifxons
ahd instrumentation ‘did not, ac any time, Exceeﬂ tﬁe foilowing parameters*=
' ) ‘ . o *w'j%‘ Conditions§ . Instxuments .
} " Temperature ( 65° to 165°F) “iﬂ k 3.0°F e L% 2.0%F
emperature e bB“ or lessﬁhl” 4 10 0°F 1 10.0°F
? el Vipsation, Sinusotdal 7,;¥:jj7; S 4:1 :
' i“'uuf“i‘a Frequéncy i ﬁh“pj .:i‘4;:?fr;§”;7ii?uft 2.0% (or one: cycle)
Ihtensity g'[w; LR aﬂ,ﬁff-W~$*7”f7i';} t 10.0% “

' Vibration, Random ‘~“,;«2J » , S
L Spectral Density,’ 'iv,‘,’- £10.0% 00 £10,0%
Shock, Magnitude ﬂ,f» L eeesdee e 10,07
“ Time (milliééGOnds§ | eeeeee 1 10.0%

) ,

B 0

;2‘



(i

o | © WB8V4B ggﬁg@hgw
g: ° # ;‘ e ug' /)8 g"'é.

éw??gazammwm 1 AHOSATOR &% K ; ]»’ S
A Test Report No. 40965-T-1:
TEST_SPECIMEN | | N \

2.4

© The apeclmén was not fdentified with 4 speuific Part Number, and will

: There wae no evidence o£ pxe test damage io br deformation vf any -

The test Bpecimén submitted to United Anrot&qt lﬂbﬂratOriﬁg'trrpqraLion

was identiffed ss a Partial Section of the LH; (Liguid Hydtogen) Cli!ldown

‘System, and ¢cnsisted of the»following idantified frems: e -
 One Turbide Flowmater T P/N 1ABYL04-503 Ct
+ One Shut-Off vane" ' .- P/N 1A49965-503

. One Recirculation Duct Assenmhly g - P/ 1Au9966‘501 ) ,? ;

'be ref&renced in this Test Repott as the “Specimen .

Forwarded winh the Specfmen was a Test Fixfure (DAC No, 1T01062), and ;

€

an Af¢ Skkrt Assembly- (DAC No. 1A58638 1), with assoclated mounting - ..

" brackets and pipingg for use durtnggthe {nstallatton of the Qpecimen

I . v
L

o for the envernMenLal exposuzea.f N T T e '” S

. - . R K
t P , . -

'porbton of rhe apacimen oy asaociatéd matefxal whén the "asgembly wae
© received at Unitad Aeto&est Laboratoriee BRemote Test Facilicy at e

) N .‘ ', - B S DN L N '

'Beaumonc Galiforria.;- 2Qg,;"“s . n;‘fw;=4' - ey T L

. RN
o N 2.

\VIBRATION AND snocx TssTL§aqurnca s;vlf

1

Vibration ‘and Shock Teatq were c0nduccpd 1n sequenae aa followsr ,fﬁ”?ul 3
L v1brat{oﬁ -“Slausotdal = Thrist Axis : e
'“ i"} thratxon - ﬁandom ¢ Thrust Axis e )'f‘:“',‘"

;{;f, Shock < Tﬂrust Axts 1_ ce T - '

Vibtatibﬁ - Sinusoidél : Tangentxal«Axxs ‘ ‘
Vibracion.» Pahdom . Tangential Axis o
L Shdék - Tangantial Axis ' : H:ﬁ«
'  ;11f thr&tion wSinusoidaI : Rad:al Axis ﬁx_wf
Y Vibraciou . Randﬂm . Fadial Axis fg‘”?

: Shock»—~nad1a1 was ;lJ=” S N

Vibratiuh - Raqdbm . *hruet Axis -.Rm ~tegt - .

. Vib*atton *> Raédnm - Tangen;tq! Axis ~ Re-test Co

"V*‘a « . i
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DISCUSSLON OF TESTS . - . co

REQUIRFMENT

Refarence: Memo dated 5 1h&61 £rmm E. C "See, A~293 to D. A. Forgo A~293ﬁ

¥ AN

“The apecimen mhall be subjeotad to environméntal conditions as N

describad in the réferenced Mamnlandum. and all data and observattuns‘ o

PNy

éhall be noted and fecnrdeﬁ 5’1“f."; , o .-

85T PBGCFDt ’ N

The speeimen wag instqlled in the Tasc byqtem il!ustrated in Figure e
No. I and mounted 0h the head of an eléctrn dynamic vibration exciter, R

K

The LLquid Hydrogén (LHz) flow 1£nes and a%soctated Equipment was inetalled
and conhected to Lﬁe shiit <0f - vaIVe inlet” and the Specimen outlet. Al s
10 micfbn fil&cf was inbtaile& in ché LHZ Inlec lipe, immediately up»'fﬂ§1'

‘stream of the 5hut&o£f valde, ané a turbine type Ylowmeter installed " 70

in che Sydteﬁ (identlfied as'"ﬁecondary Flow Mecer“ in Figure No. 1¥,.! Q'

‘1! ‘.'oﬂ‘a,‘ﬁx‘ LT

The DAO furniehed Lndgcgting panal Was olattricdlly connected to the gs}

connecﬁdr on the ghu;~o£f valve;a A regulat&d ﬁrv&wdre halium suppxy

»

‘was, provided (af 475 + 15 psig} to uhe 3= -way sn]ennid vnIVa, to provide

,«‘.:
¥

closure of the §hutﬁof¥ valvb.‘y; u"“,‘:g P o -

oy . “ = . Ty
! o . L
f

Flexib)e ’xnns wcre attachéd to all cnnoseal £lange !eak check ports,

a and durtng all aubsequené vibratiun and shuck teésty, these lines were.

cnnrinuuusly monftored fov evidence ot Ieakﬂge (by the water displacemnna

method), and all observatibnq notsd~ahd recorded, . » : i;

PRI . o ;
) t T -",: :2 3

- The frvquency Output signal from the prxmary LOil of the specimen
f]owmeter wa% diSp)ayed on the face of an nscilloecope during the
{imposed deratiOn and shbck testq and photographically recorded by’
means oi a ?olafoid Camera during criticsi phases of the tests.

' ; , o2 N
A ' o ¥ D b
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'3.1.2 , .Test Procedure - Pra-Vibration Operational Tests - continued

The butput 31gnai from the coil was also presented to an AC to DC

slgnal canvettcr, and the output signal from ths Converter Conflnuhu%ly

pe

revorded on & etrig chart recoxder.

The Seﬁdnuary Flnw Meter wis lnqtailﬂd in'the test aywtem to indicate

Lis flow rate -and the ourpnr frOm this Flow Meter was also presented
to an AC to DC gipnal coanrter and recorded as described 1mmediatc1y } ;*

. " & - PN o
4 . . ‘ ~

abive .

[ »

All remperature traﬁsducers illuetrated in Figure No. 1 were electritally

4

. connected ‘to citcuitry which permithd continuous recording of the

nempcrature 1evels, and mejns were establighed to permit corvelation of

N

tLme to temparature during all pqriody when the temperature level was .
42’230 1 10 Fi 3‘7-‘ , f‘ ‘.” ( l,(‘» »A . . .
¢ M S - 3 : . . . Y |

A signal genprator was used to provide a &eat aignal incb the qeknndary
“coil (Pins A'and B). of thé spec1man ffowmetera and the output signal , g*f*
from the primary coLl (?Lns C and D) ;coﬂtxndouely ?ecorded during tha A

eubseqUent envirbnment&l exposﬁrcs. Ju;fi ‘Affk"'

i [}

With cnnditions establzshed as descrfbeﬁ hervlﬁ, gaskous Helium was’
applied to the rest syatbm and. the' pressurc innren«ed Lo 60 t 5 psig,
and the COmplete System Larefully checked fo: external Ieakage by
e ans of a Hélium Leak Detector ana a Soap ﬂubble solutLOn. _ ":“.\

v ‘“‘ ’ r'.

When lt was entablished that the sywtem includcd nb ieaks, the Teat
System waé pufged with éaseous Helium,«and care was takeh to assure

“COntrol bf the flaw thgough the aystem.@u as not &o overspeed the

v

" turbine’ flowmcter.,: “‘,7; XVZ ,r" . (,w'f;y

Figure No, 2 1nc1udvd with bhie Rﬁpbfé furthcr illustrates the Test
qystem dnd associated tnscrumantation during the teat as described

v .o

-heréin. («tﬁgsg,"ﬂﬁé e Lo AR _;'vﬁ;'yja-a R
R PR A : : - e '
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Teqt PrQCadufv - Pré Vlbration Opnrattonal Tests ~ continued . o

)

lmmédiatalv orior to the Vibr

. steps werd conducted in the Séqueﬂtb listed:

I - The shdt of f valve
.' ‘the valve ﬁonttion
« ., Display, notedb
2 The th InleL linv.
3" The Shu*bOff Yalve
| 'and rhd Walve pOSit
. Displsy noted ‘

Durinp the ahQVe oteps care

ation and 5h0Lk Teqts, the following

was (nnrgxzed to the onsed Position, and

on the Shut- -Of £ Valve Tndiu&tlng Panel

.
NN

nsv48. RE 1801

up to the Shut- Oﬁf Valve Tnlet was chilled, :

was deaenergfzed to the Open Position;
{on ohn tbe $hut*0ff valve Indicating Panel

was exurtised to asbure that the turblue §

flowmeter whk not! sub%ected ta extessive spved

.s.',

e

Durlng the Vibrntioh and Shobk Teatq..the Ebilowing éteps we re

[ N

céhductod v'«k“ o

1 quu}d Hydrogen waé
: ":and the as&vcidtad
Lo 160 gpm. jﬂ._ e
‘2‘1ﬁ{DUring che flow Of

nf»of vlbration along

'-Z%Shut~0ff Valve Indi

M s o] . .
’v;, :r,~u-:,,‘ . “y
-.vz-

permitted to’ flow through the 1H2 fvatpm ;,;"

tect agnembly at . a contro!lwd vate of
YL,< u‘i}” : o ‘
LH? thc cdnosear Ilanges wete coutinuously
f%‘ "’ i S w . . . ]

.
>

lQ‘HQiThe Shut OF{ Valve waé tycléd Elva timéq during the dpplication

eaéh of the three reSpe&tive axes, and the‘j

. , 'f‘xva1ve poaiciontng and micrOwswitch Operatien dlsp]aygd on the

cating Panei contfnuously monitored.

.‘:\A‘

b ;Vibration and Shonk was appliéd to ‘the apec;men as described

DR éec:ions 3.2 and 3.3 of thi; kepsrt, and all observitions

. rioted nnd rpcorded.

,i,, [
: 'y*! BRI

2

vt AS»‘Q(During all vibration and shock per1bds, .the output signals

'vfram\che Fhrbine flowmeter and the line flowmeter {Secondary
;:‘;‘ o Flow ﬂeter) wete continubusly monitored and recorded.

; 'giimonitored fqr QVLdéﬂc& of Hyérhgen leakago, and ‘all observatiods
RO fj‘hahgd and tecarded
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. O O Tesf’Procedu:e - Pre-Vibratica Operationa} Tests - continued

_,;'. b The turbine flowmeter,body temperature was continuously
\ ‘monlzcred ‘and recordﬂd during all periods wvhen the temj -
I erature of the qpecimen was ae ~623° 1+ 10°F,

-

7. The.nutnut sinuSﬁlda! wave fdrm during all critical phases

3

nf the tast w&q ohorOg aphéd by’ meafs wf a Polaroid Camera, *

+ v ' %

[ 3.1:3 . RESULTS OF *Fs* o b .
( Al recordings generaced during. the test per{ods ave presented with. =~ ¢ ¢
J“i1,? Copy Number 1 of thxs rest Repdrt‘ o “- : ‘

Reproduoclcns 6{ thn oscifloscoPE presentations of rhc ‘sinusoidal

- wave forms are pxesentéd with this Teat Report. B ' o

5
4

'The tkermo:ouplés we e 1ocaréd nq follaws during the’ flow periods

f, S U - Outlet. of. the LHZ Pbmp upstream of the LH;
lz v i.. Skin (temperalure) of bhe Specimmn yalve . ) ‘
R ff.Skln (&emperature) of‘the specimen Flcw Meter’ *
. b ”Skin (temperabutq) of éxtreme Outiet of tha Specimen -
f' ' ‘ Duct Aosemhly' 7* ,( - L }«.“
| x_rr was qoued thac thP data From Phermccnuples No.. 2 *and 3 (abovo)
L : was teéo;d:d‘as spﬁroximately abiof and Thefmocouple Nbb 4 way nated

as Approximateiy —QOO ? aqcing all bf Lhe vibw&tian nnd shock test:
peribds.‘wnd ramaiﬁed constaﬁh ac thesé ltVels.)¢ 
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TPST_PROGEDURE 7" :

,d;namic vibratlon exniter. v ,"‘.(“ A ;f,;,"s

“‘monitored ‘and: reqorded durthg all ph:qes of the qinusuidal vibratinn. ?fk,

‘g .
“,: [V ! i

W

- W

R WL I
epEt AZQ
P - Téét‘ﬁeport Ne. 409651 -
giseatIon L E

REQUIREMENL . - © - o L

"Re{vrgnce ILD 1T00137 Pjgls 7 and 8

7

Therg ghall be no evid@ncw of qrrudtural failurﬁ ér d:btnxfxun SRR T

: ‘xesulc of conditions jmpoSQJ during the Vibration Teat as dusoribed

in the detail spectfirattcn.

.
i BRI S :
kA AL A
¥ P N - N LN

A

The Lest nnartmun Was inatqllvd in rhe Fexl 5ystem an Hexgribed v o v
Section 3 1 2 of thiq Rpport. wbila muunteﬂ nn fhﬁ’buad nx an elee {ro

A
B . TylE. - ‘L . - C
'ﬁ,"ﬂ?,c : ‘,»‘; ST . % 5

The axes of applied VibratLOn (And Shork) are illu&traLed in Flgure (
No. 3 pré»éﬁted WIbh thts Reporr,‘A{:‘f'x : L o f: ‘ T

Figuve Numbar 3 ulsé illukrrares the Iocat{anv of the ac¢e crometets ﬂ»;ﬂf

durxhg thc impused Vibratinn environment

4,)

The accelerometers were nttached td i mauﬁtei 6u the spgcimcn At the

‘locations 1nd£cated {n’ the datail soeciélcatinn; and as [illustrated,

and the- output slgnala fzom all auueleromerers were continuously ,fﬁ'gi

.,-r.u

The Origidal Reuordinga geuarated during the sinusoidal vibxatinn x"ﬂé.

Ce t‘m:e preSented with Cépy No.»l pf tﬁis Tast Repbrc. L o

51nusoida1 VLbration wae . applied cu the spechen throug b the f!quxnff« :
tange {rcm 5 to 2000 to 5 cv¢1es pet éecond with the sweep rate (rate -

of change of frequency) vatied IOgarithmically at 1.0 octave per minute:

through rhe comp!ete range ng 3:atcd hereih, so thnt a single eacursion '

through the - treqUency range From 5 taa?UOU to 5 cymleq per second was
PR N
conpleted in a 17 minuta periode :

o

_The ainuqaldal sweep Lest was conducted along each of tha three

respéutiv@ exes af the specimen ‘8 tllustrntad tn Figure Mo, 3.

e S o

15
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3.2.¢ Test Procedure - Vibratfon - continuved

During the sinusoldal sweep test, the applied vibration {ntensity was

controlled at the following levels:

Frequency Applied Double Amplitudes or
__Leps) __Vibratory Accelerations
5 to 48 0,05 inch double amplitude

af o 226 r 6,0 g vibratory acceleration
236 to 235 0.0022 inch deuble gmplitude
9% ro 2000 © 10.0 g vibrarory ascceleration
2000 to 295 *+ 10,0 g vibratory acceleration
295 to 226 0.0022 inch double amplitude
226 to 4§ * 6,0 g vibratory acceleration

48 to 5 0.05 inch double amplitude

{Note: Where the applied vibration. intensity varied frum the information

presented above, it is discussed In detail in Section 3.2.3 of this
' Report.) ‘

Upon completion of the Sinusoidal Vibration Sweep Test, Random
Vibration was applied to the gpecimen for a period of 12 minutes
along each of the three respective axes as illustrated in Figure

No. 3, During the Random Vibration, the applied vibration intensity
was countrulled at the following .imits:

¢+ Frequency

Bandwidth . ,
(cps) Applied Spectral Density
20 to 85 0.065g2/cps
Increa%ing at 12 db/octave from
85 to 280 0.065g°/cps at 85 cps to
0.8g2/cps at 280 cps
280 to 1000 '0.852/cps
‘Decreasing at 12 db/octave from
1000 9° 2000 O.Bgifcps at 1000 cps to 2000 cps
Feissued and corrected -16-

{October 18, 1965)
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_ - “Test Repart Ne, 40965-T-1 .
R ‘ . :
3.2.2 . Tdat Procedure « Vibration - continued , .

. © A1l of the Random Vibration wagd plotted, using Qh,KY—PIOtcet sud e

repraductions of rﬁe Graphs generated durtng the test periuvd ara

presented wilh thxa Test R@pbrc.

2
H .w

" During all of rhe Vibration as’ d@&cribed”iﬁ thie Section of thi«

“Test Report. the sn#cimen was preasdrized "and cperatxng ag desceibed

il RIS
Tt

éin 3¢ctioﬁ,3:{ﬂ*; ap& all data recordedo C PO O

o3 RES SULTS OF TEST > 0 oo el T

- . ’
Thére way 0o apparent damage to or deformatton cf the specimen s

.- a resull of eondit{ons 1Mp0$ed durfng the Vibratiuh Teac as deacribed

in this Test Reporn. W ;37 AP 1',"~1 e

; BRESPA]

B o . - .
K . "v'v(' | ‘ ,«,’ : , LIPS

Raﬁdom P}dra geﬁptated duting the Lesx are pxesented wifh this Report.

R
1.‘ 5 "/‘

E’ The nrigihh! recordtngé of 'the, output eignnls T;om the - acceleromnaers'

. - are pr@aented wlth Copy Wb ! of this Tgst‘apport. e ﬁwl'r

PN ". I , . ¢

b 5‘, - Ob«@rvaciona recorded duflﬁg the Vibrﬁtjon Test are presentod in

i"“ RO

o,

Lo e “tor ‘the applied vlbratioh dlong eﬂbh 6f’the khree reSpeCtive axes, 0

. ‘f ,and futther#iiih trate thé locationarbf gome f ﬁhe~accelerometers

P e
““ ()r-' R rt ‘, T

. . during i:he téqﬁ pet‘i.od.,

. \’!"".Yai;‘y:, ”“ i, "; T )

{f LIRS 3

The assoriﬁted da&Iing,vpiplngﬁ aﬂd pﬁrriahs bf the tgsc syecem are

« B
,...

g ;33,2“"

. . B ¢
i X ) ) N - P

Tnble No i included with thia Document, , u“’", p‘; T ey

Pyl : v

R Photographa No. I through 11, illuatrhte ghe mounting of the ﬁpétim?n:;ly

b - Lneluded in sone - of thé referenced PhatOgraphsw o ;1 A L fo“

e
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1.3.3 . RESULAS OF TEST

There was no evidence of damipe to or deform:tioh of the specimen ag
.a result of conditions imposed duting the Shock Test 3e described tn
this Test Report, |

et "During the test pariod, liqu{d Hydrogen way flowed fhrouph the toét
system 3s described in Sec¢tion 3.1, and there was no evidence of

> ‘leakage orc‘alfunr?ion during the flow of thé test medium.

Al

At the'édntlus{dh of each successive axis of applied sheck. the
specimen was re-positioned on the head of the vibrstion exciter and
the néxt,succesniveﬁixts of‘Vibrat!ch‘appl!éd# prior te cenducting

the next‘successive phare of the Shock Téet..

Repraductibhs of the OGClllCScOpP present1t£cns of the three applied
impact shotks along thé Radial ‘Axis, and Shock Number 2 applied aleng - .
' A the Tangential Axis aré tncluded with this mest Report as Graphs '
'10:.‘, ;Numberéd 15 through 18, reapectxvely. Theée reproductinns presented
S " ate the only reproducable Graphs generated during ihe applicarion of
SRR the shock anVironment to Ehe 8pecimen.;A_~”-* o

L3

The original Visicordrt R&cordings genaratéd dqfing‘ﬁhe7t§st;per1ud(s)V
are retatned at Uﬁited Aetuﬁest Laboratories ‘ahd will be forwarded to
auchorized persohnal for study ﬂn request,. These racordingﬁ cannoet be
teproduced fbr lncluaion in this REport with any accéptable degree of
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